A current direction in the development of polymer composites is to create technologies that make it possible to produce moulding materials with different (fi brous, dispersed, dispersed fi brous) fi llers and with prescribed properties, including special-purpose materials (lowflammability, electrically conductive, antifriction, magnetic, etc.), using a fl owline with readily readjustable and interchangeable equipment.
According to this concept, a fundamentally new method has been proposed and developed for producing composite materials based on thermosetting plastics and chemical fi bres. The main advantage of polycondensation technology over traditional methods is the possibility of producing a phenol-formaldehyde oligomer (PFO) in the structure and on the surface of the fi ller directly during the formation of reinforced polymer composites. This eliminates the most energy-and labour-intensive stages -vacuum drying, cooling in refrigerator cars, crushing of resin, transportation, grinding, or dissolution in solvents just before being used as the binder of reinforced polymer composites -which results in a considerable improvement in working conditions and in a reduced ecological impact.
The polycondensation method proposed does not require preliminary grafting of catalyst onto the surface of the fi bre, and the fi bre is impregnated by an aqueous solution of the monomers and catalysts without any preliminary surface treatment of the fi bre. Essentially, the synthesis of the given polymer matrices does not eliminate the presence of water and oxygen, which simplifi es these processes signifi cantly.
As a result of the research carried out it has been shown that the synthesis of the polymer binder (matrix) from monomers on fi bre is characterised by the following physicochemical features.
During impregnation, monomer molecules diffuse
into the fi bre, practically over its entire cross-section. Synthesis and curing of the polymer binder in subsequent operations are carried out in various ways in the core, in the shell, and on the surface of the fi bre, depending on the accessibility and activity of functional groups of the fi bre macromolecules. As a result, a complex structure -a polystructure -is formed in the polymer fi bre itself and on its surface in the form of an interlayer of polymer matrix between fi bres in the composite. Such a structure ensures increased resistance of the material to mechanical effects.
In the traditional process, during impregnation by oligomers (phenol-formaldehyde, epoxy, polyester, etc.), with a degree of polycondensation of 7-10 or above, polymer binder with a molecular weight of over 1000 is distributed mainly on the surface of the fi bre, forming, during curing, a matrix with interlayers between fi bres of 5 µm or greater thickness. The considerable differences in strength and deformation characteristics between the rigid matrix and the elastic fi bres in the structure of the polymer composite reduce the synchronism and uniformity of uptake by them of any load applied to the article.
2. The synthesis of polymer binder from monomers in thin fi bre layers is accelerated sharply (by a factor of 2-15, depending on the chemical nature of the fi bres, the ratio of the components in the composite, and temperature). Here, the degree of conversion increases by 15-20%. For example, the duration of polycondensation of binder from a mixture of phenol, formaldehyde, and additions of epoxy resin (0.05-0.2%) in the structure of viscose fi bre (needlepunched mat) or in a mixture of polyacrylonitrile (PAN) roving with technical-grade viscose thread amounts to 4-25 min instead of the 65 min in the traditional process, and the yield of fi nished oligomer in terms of phenol in this time reaches 170-180% instead of 130-155%.
During polycondensation fi lling, after impregnation of the chemical fi bres by the monomers, polycondensation of the thermosetting oligomers occurs in the structure and on the surface of the fi bres at elevated temperatures and normal pressure. In connection with this, a criterion when selecting the fi brous fi llers was their resistance in the monomer medium to the temperature and time parameters of the production process, and also the presence in the composition of the polymer fi bre of active functional groups. These requirements are satisfi ed by a number of multitonnage industrial fi bres, in particular copolymeric PAN fi bre and viscose fi bre (VF). As shown by the results of X-ray diffraction analysis, scanning electron microscopy, and physicomechanical tests of treated threads, the selected media and the treatment regimes do not cause any substantial changes in the strength characteristics of individual threads, and here the action of the medium during polycondensation fi lling is milder than that of traditional oligomers.
The topological features of the surface of fi brous fi llers, as well as their inhomogeneity and defectiveness, serving as peculiar "nanoreactors" for synthesis of the polymer matrix, introduce considerable changes into the process of its structure formation and, as shown in a study of the kinetics of curing by differential scanning calorimetry (V = 10 K/min), ensure the formation of different-level polystructures (Figure 1) .
The nature and temperature zones of heat generation during cooling of a PFO obtained in a glass reactor and synthesised in the structure and on the surface of PAN fi bre differ signifi cantly (Figure 1) . PFO synthesised on fi bre has three characteristic structural forms with T max at 100, 165, and 190°C; the main generation of heat occurs in a broader temperature range, which is due to the presence of polystructures. Here, a more heatresistant structure is formed, for which the weight loss is 1.7-4 times lower than additive values in the entire temperature range studied ( Table 1 ).
In the case of conducting the synthesis of PFO directly on polymer fi bre having reactive functional groups (CN, OH, COOH) on its surface, the grafting of monomers and the curing of oligomers with the participation of functional groups of fi brous fi llers become possible. As a result of the greater accessibility of reactive groups and their greater quantity for interaction, synthesis of the oligomer occurs on the "unfolded" surface of contact in the structure of the fi bre in a thin layer, which enables the process to be intensifi ed considerably. In this case, unbound phenol, and also formaldehyde produced by ester bond breakdown and a number of other low molecular weight products of primary polycondensation, encountering a topological obstacle in the form of the structural volume of the fi bre, also remain in the composition of the composite material, and during subsequent secondary polycondensation (curing) take part in the formation of the three-dimensional structure of the polymer. In the polycondensation method, it is this that explains the 40% increase in the yield of fi nished oligomeric product and the considerably shorter time it takes for the oligomer to be synthesised on the surface of the fi bre.
A high degree of conversion of the monomers is achieved in 4 min at the stage of synthesis, but, according to IR spectroscopy, in this case the system contains a considerable quantity of intermediate products containing a large number of methylol groups not taking part in the reaction, and a certain quantity of unreacted monomers, which subsequently adversely affects the processing properties of the material (processability, storage life, etc.). The optimum combination of processing properties and the minimum amount of unreacted monomers (with a yield of fi nished oligomer in terms of phenol of 170%) is possessed by composites produced with a synthesis time of 15 min, with subsequent fi nal polycondensation at T = 60°C and τ = 20 min.
The presence of additional crosslinks and the formation of longer crosslinking bridges (with the participation of reactive groups of fi bre), as confi rmed by IR spectroscopy, can explain the considerable difference in the physicomechanical properties of composite materials obtained by traditional (blending) and polycondensation methods ( Table 2) .
It was shown that the bending strength and impact strength of material reinforced with unwoven viscose material by the polycondensation method are respectively 20 and 50% higher than the corresponding properties of blended polymer composites. The infl uence of the production method when unwoven material of a mixture of viscose and polyacrylonitrile fi bres is used is even greater: the impact strength of the polymer composite increases by a factor of 8, and the bending strength by 40%. This is connected with the formation of a denser, more highly crosslinked structure that also ensures an increase in the resistance of the material to elevated temperatures and in its combustion resistance -the weight loss during combustion is reduced by a factor of 3-6, and the duration of spontaneous combustion is near zero.
During polycondensation fi lling, the orienting effect of the surface relief of the fi bre and of those capillaries (defects, pockets, cracks) to which the monomers diffuse is more pronounced. In polymer matrices formed on fi bre and in the internal polylayers, ordering and orientation of structural formations are observed (Figure 2) .
The method developed of polycondensation fi lling of polymeric materials is possible not only on fi brous systems but also on dispersed fi llers. The effectiveness of producing metal-fi lled composites has been shown. Barium ferrite powder and an iron-neodymium-boron (Fe-Nd-B) intermetallic alloy have been used as magnetic fi llers. The magnetic plastics formed possess service characteristics at the level of the best home-produced and foreign specimens and as regards heat ageing are at the level of world standards. Magnetic plastics obtained by polycondensation fi lling are characterised by higher magnetic properties. Thus, the residual induction of magnetic plastic based on Fe-Nd-B alloy is ~50% higher, and that of magnetic plastic based on barium ferrite is ~60% higher. Here, the magnetic plastics possess improved strength characteristics: interlayer shear strength is 1.5-2 times higher by comparison with the traditional method of magnetic composite formation.
Conducted investigations of heat ageing at a working temperature of 100°C and a critical temperature of 120°C for 1-10 h showed that magnetic plastics produced by the polycondensation method are not subject to heat ageing in the studied temperature and time ranges, retaining their service characteristics in this case.
Thus, as a result of investigations it has been established that the developed polycondensation method for fi lling of polymeric materials makes it possible to produce reinforced polymer composites noted for a high combination of service properties, increased strength characteristics, resistance to media and water, and reduced fl ammability.
